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PREDICTING  INFANT MORTALITY: 
AN EVALUATION OF APGAR SCORES 

INTRODUCTION 

The Apgar scoring system is a method of evaluating and rating newborn infants 
with respect to their physical condition at one minute and five minutes after 
birth. It was developed in 1952 by Dr. Virginia Apgar for the purposes of 
"predicting survival, comparing different methods of resuscitation, and comparing 
perinatal experiences in different hospitals" (1). The system is based on the 
observation, and the subsequent rating, of five selected signs of an infant's 
physical health at birth. These signs are heart rate, respiratory effort, muscle 
tone, reflex response, and color. Each sign is given a score of 0, 1 or 2 based 
on the performance of the newborn (see Table 1). The Apgar score is the sum of 
these five 0-2 scores and ranges from 0 to 10, with 10 being the optimum. In the 
literature, Apgar scores of 0-3 have generally represented poor condition, 4-6 
fair condition, and 7-10 good condition  (1,   3-11,  15-16). 

In 1978 North Carolina along with 37 other states and the District of Columbia 
began to routinely record one- and/or five-minute Apgar scores on birth 
certificates (15). These scores were added to the certificate with the hope that 
they provided additional information, although subjective, on the health of 
infants at birth and on their chances of survival, i.e., information above and 
beyond that available in other after-birth indicators. Numerous studies have been 
performed which have shown strong associations among Apgar score, birth weight, 
mortality, and some measures of infant morbidity (1, 3-11, 15). Some have 
suggested that Apgar scores, particularly the five-minute scores, in combination 
with other known birth characteristics could be used to predict survival   (3,  5-6). 

Table 1 

The Apgar Scoring Method 

Score 
Sign 0 

Heart Rate  
Respiratory Effort- 

Muscle Tone  

Reflex Irritability- 
Color  

-Absent 
-Absent 

-Limp 

-No response 
-Blue or pale 

Below 100/min. 
Minimal; weak cry 

Some flexion of 
extremities 

Some motion 
Body pink; 
extremities blue 

Over 100/min. 
Good; strong 

cry 
Active motion; 
extremities 
well-flexed 

Cry 
Pink 

Source:    Apgar, V., et al:  Evaluation of the Newborn Infant-Second Report, Journal 
of American Medical Association,  168  (15):  1985-1988,  December 1958. 



With the availability of three years of birth and infant death data that 
include Apgar scores, we address here the question of the predictiveness of these 
scores.    In particular, the purpose of this report is twofold: 

(a) to describe the associations between Apgar score and mortality, and 
(b) to determine if Apgar scores are better predictors of mortality than 

either birth weight or the maternal high-risk factors available 
before birth. 

Resident live births in 1978, 1979, and 1980 were used in this study. In 
total, there were 250,670 resident live births, and among these births 2,630 
neonatal deaths and 1,094 postneonatal deaths in this three-year period. 

Although Apgar scores are a new item on the birth certificate, completeness of 
reporting has been good. Of the 250,670 records, 2.1% lacked a 1-minute score and 
4.2% a 5-minute score. Almost 2% of the records lacked both a 1-minute and 5- 
minute score. Since 1978, the proportion of records with a missing Apgar score 
has declined steadily each year. 

RESULTS 

Apgar Score and Outcome 

In this study the 250,670 newborns were partitioned according to survival 
experience, Apgar score, and/or birth weight categories. The groups according to 
survival experience were: 

(a) newborns dying  in the neonatal  period, 
(b) newborns dying in the postneonatal period, and 
(c) newborns surviving to one year of age. 

Figure    1   shows    the percent distribution of Apgar scores for each of these study 
groups. 

Over the three-year period, the distribution of Apgar scores for the 
postneonatal death group was similar to that for the survivor group. In both 
groups, the predominant Apgar scores were 9-10, opposite the score distribution 
shown for the neonatal death group. Approximately 17% of the neonatal decedents 
(a percentage not shown in Figure 1) lacked a 5-minute Apgar score. This 
percentage was over 2.5 times that for missing scores in either the postneonatal 
death or the survivor group. The vast majority of the neonatal decedents missing 
on Apgar score  (84%)   lived less than 3 days. 

The percentages of infants dying in the neonatal or postneonatal period at 
each Apgar score level are shown in Figures 2 and 3, respectively. As expected, 
infants with a score of 0-3 are more likely to die than those with a score of 7- 
10, regardless of the age at death. As the 5-minute Apgar score increases, the 
proportion of infants surviving the neonatal or postneonatal period generally 
increases. The low percent dying with an Apgar score of 0 is curious, though this 
may be a transcription error or a default value recorded by the hospital when an 
Apgar evaluation was omitted. 

A comparison of Figures 2 and 3 shows that the percent of infants dying in the 
neonatal period is higher at each Apgar score than the percent of infants dying in 
the postneonatal period. An exception to this finding is at the scores of 9-10 
where a reversal takes place. Though the percentages are low, infants with a 
score of 9-10 are more likely to die in the postneonatal period than in the 
neonatal period. Decedents with a score of 9-10 accounted for 67.1% of all 
postneonatal deaths but only 12% of all neonatal deaths. 



Tables 2 and 3 show the number of infants dying in the neonatal and 
postneonatal periods and the death rates according to birth weight. These tables 
illustrate a strong association between Apgar score, birth weight, and the risk of 
mortality. Irrespective of birth weight and age at death, infants with a low 
Apgar score at birth have a greater risk of death. The birth-weight-adjusted 
rates in Table 4 further illustrate that the higher risk of death at lower Apgar 
score levels is not simply due to differences in birth weight. 

Two specific findings from Tables 2 and 3 are worth noting. First, the 
combination of low birth weight and low Apgar score has a dramatic impact on 
survival. Among newborns in the lowest weight/score group, 84.3% died in the 
neonatal period and 10.8% of those alive at 23 days died in the postneonatal 
period. Approximately 9 out of 10 neonatal decedents in this weight/score group 
weighed less than 1001 grams at birth. Second, while the overall risk of dying 
for infants with an Apgar score of 9-10 is greater in the postneonatal than the 
neonatal period, this risk is higher only for infants weighing .more than 1500 
grams at birth. For infants weighing less than 1501 grams, the comparable 
mortality rates are 43.7 for postneonatal deaths and 73.5 for neonatal deaths. 

Deaths in the neonatal and postneonatal periods of infants with an Apgar score 
of 9-10 at birth were examined for cause of death.    This analysis was undertaken 

Figure 1 
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on the possibility that the higher postneonatai mortality risk for this score 
group could be explained by accidental causes of death. Of the infant decedents 
with a score of 9-10, accidents comprised 0.9% of the neonatal deaths and 7.5% of 
the postneonatai deaths. When these causes were excluded from the analysis, 
infants with a score of 9-10 were still twice as likely to die in the postneonatai 
than the neonatal period. Moreover, as found before this higher risk exists only 
for infants weighing more than 1500 grams at birth. Thus, the higher postneonatai 
mortality risk for infants weighing more than 1500 grams and with an Apgar score 
of 9-10 can not be attributed to accidents. 
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Figure 3 

Percent of Neonatal Survivors Dying in the Postneonatai Period 

by Apgar Soore 
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lable 2 

NUMBER AND RATE* OF NEONATAL DEATHS ACCORDING TO 
S-MTNOTE APGAR SCORE AND BIRTH WEKXr 

NORTH CAROLINA, 1976-80 

Apgar Score Less than 1501 gras. 

No.               Rate 

1501-4000 gms. 

No.        Rate 

4001 + gns. 

No.      Rate 

ic ital 

No. Rate 

0- 3 646 B42.9 252 263.0 15 168.5 1115 543.1 

4- 6 270 387.4 160 59.8 8 33.8 438 121.4 

7- e 145 173.0 161 9.2 6 3.2 312 15.4 

9-10 40 73.5 270 1.4 10 0.5 320 1.5 

Hissing 313 513.1 123 13.5 9 ».7 445 41.9 

Total 1516 437.3 966 4.3 48 2.0 2630 10.5 

•Bate Der 1000 live births in Apgar score / birth weight group. 

Addendum 

In Figure 2 the percent of infants dying with an Apgar 

Score of 0 at birth should read 33.8 rather than 53.8. 

121.4 60.7 26.5 16.3 

15.4 10.4 8.3 7.3 

•1.5 2.1 3.4 3.8 

4- 6 

7- 8 
9-10 

•Rate per 1000 live births in Apgar score gras?. 

**Rate per 1000 naonatsl survivors in Apgar soore grass. 



Predicting  Infant Mortality 

It has been shown that there is a definite association between Apgar score, 
birth weight, and mortality, lb compare the ability of Apgar score, birth weight, 
and maternal risk factors to predict outcome (i.e., death or survival), 
discriminant analysis  (13,  14)  was applied to two study groups: 

(a) neonatal  survivors versus neonatal deaths, and 
(b) postneonatal survivors versus postneonatal deaths. 

Because of the large number of live births (250,670), only a sample of the 
newborns surviving the specified time periods was used for the two survivor 
groups. However, all newborns dying in the neonatal period (2,630) or in the 
postneonatal  period  (1,094)  were used  in these analyses. 

With respect to neonatal deaths versus survivors, results indicate that either 
Apgar score or birth weight alone predicts mortality about the same as the other 
and that each is a better predictor than the maternal risk factors. The maternal 
risk factors themselves are not very useful variables on which to discriminate 
between death and survival (18). Itfien both Apgar score and birth weight were used 
together in the discriminant models, Apgar scores were shown to add substantially 
to the ability to predict outcome, over and above the prediction based only on 
birth weight. 

The analysis of postneonatal deaths versus survivors revealed that neither 
Apgar score nor any other variable on the birth certificate was useful in 
predicting outcome. 

SUMMARY 

This study examines the one-year survival experience of N.C. residents born in 
1978-80. As supported in other studies, there are definite associations among 
mortality, Apgar score, and birth weight. The greatest risks of mortality 
occurred among infants with a low birth weight and/or low Apgar score, 
irrespective of the age at death. For the birth weights over 1500 grams, infants 
with a score of 9-10 had a greater chance of dying in the postneonatal than the 
neonatal  period. 

Discriminant analysis was employed in this study to compare the abilities of 
Apgar score, birth weight, and other birth characteristics to discriminate between 
survival and death. The study shows that when discriminating between neonatal 
death and neonatal survival, Apgar score adds to our ability to predict outcome, 
especially when used in conjunction with birth weight. Further, both variables, 
singularly or in combination with other variables, are much better predictors of 
mortality than the maternal  risk factors available before birth. 

However, when discriminating between postneonatal death and survival, neither 
Apgar score, birth weight, nor any other characteristic on the birth certificate 
is very useful in predicting mortality. This result may be due in part to the 
fact that the distribution of Apgar scores for the postneonatal death group was 
very similar to that for the survivor group, making discrimination on this 
variable difficult. Because none of the postneonatal models predicted outcome 
well, variables other than those on the birth certificate are undoubtedly needed. 
These results emphasize the difficulty of identifying at birth children at high 
risk of dying during the postneonatal period. 

This report summarizes a more detailed report by the State Center for Health 
Statistics. Copies of the original report are available upon 
request.  
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